thritis [1] , diabetic neuropathy [2] , compartment syn drome [3] , interm ittent claudication [4] , and athero sclerosis [5] . However, next to free radicals, other in flammatory mediators [6, 7] and alterations in cellular energy metabolism [8] contribute to the tissue damage in these processes. Given this complexity, it is difficult to analyze the exact role of free radicals in the patho physiology of these diseases.
In order to investigate the isolated role of free radi cals in soft tissue damage, we have developed an ani m al model of continuous intra-arterial infusion of a free radical donor in one hindlim b of nonanesthetized rats without inducing ischemia [9] . Pilot studies revealed that in vivo intra-arterial infusion of xanthine-xanthine oxidase or hydroperoxide in various dosages did not reproducibly induce soft tissue damage. fertf-Butylhydroperoxide (tert-BuOOH) was chosen as a free radi cal donor because it reportedly induces oxidative tissue injury in hepatocytes, renal tubules, or the brain [10] [11] [12] , In the cell tert-BuOOH is metabolized by glutathi one (GSH) peroxidase to glutathione disulfide (GSSG) and £eri-butanol. However, the reducing capacity of GSH can be overwhelmed by using an excess of tert-BuOOH, leading to the formation of the free radicals ter£-butoxyl and sterf-butylperoxyl [13] . These free radi cal derivatives of teri-BuOOH induce oxidative injury as a result of lipid peroxidation and mitochondrial dys function [10, 11] .
The primary goal of this study was to investigate the spontaneous repair of soft tissue damage after 24 hr of ¿eri-BuOOH infusion in one hindlimb of the rat. During the repair period, the classical signs of inflammation (rubor, calor, dolor, tum or, and impaired function) were examined. Attention was also given to various pain tests, since clinically in free radical-related diseases pain is always present. In addition, we analyzed if the free radical scavenger iV -a c e ty l-L -c y s te in e (NAC) would reduce the ¿ert-BuOOH-induced soft tissue damage. NAC was chosen as the antioxidant because, next to scavenging hypochlorous acid and H 20 2, or H 20 2 prod ucts [14] , it also increases tissue and plasma G SH lev els [15, 16] .
MATERIALS AND METHODS
A nim al model. Adult male Wistar rats (n -27, weight 320-400 g) were anesthetized with atropine (0.25 mg/kg subcutaneously), fluanison (10 mg/ml)/fentanyl (0.2 mg/ml) mixture (0.445 mg/kg in tramuscular), and midazolam hydrochloride (4.5 mg/kg intraperitoneally). The animals were heparinized with an intravenous injection of 100 U/kg heparin sodium. During the surgical procedure, body temperature was maintained between 37 and 38°C using a heated mat. Microsurgically, a polythene cannula (i.d., 0.28 mm; o.d., 0.61 mm; Laboratoire Portex, France) was placed retrogradely in the left superficial epigastic artery, with the tip at the orifice of the femoral artery. Using this technique, the main arterial circulation of the operated hindlimb remained undamaged. The other end of the can nula was extended subcutaneously over the back of the rat to the head and connected to a stainless steel tube (0.5 X 20 mm). This assembly was fixed to a flexible infusion system to allow for continu ous infusion in awake rats. After the operation, anesthesia was ter minated with an intramuscular injection of naloxone (2 g/kg).
Immediately after cannulation, infusion with a mixture of 25 m M tert-BuOOH (Sigma, St.Louis, MO) in normal saline and heparin (2.5 U/ml) was started at a dose of 1 ml/hr. The total infusion period was 24 hr, resulting in a total dose of 0.6 mmole ierf-BuOOH. This tert-BuOOH regimen was chosen since a lower dose (0.24 mmole) induced no cellular damage, while a higher dose of 2,4 mmole was immediately followed by severe necrosis of the hindlimb [9] , An infusion period of t 24 hr resulted in various stages of cellular degeneration, with edema and granulocyte infiltration and necrosis of the vascular wall, while a shorter infusion period led to minor damage [9] , After the infusion, the nonanesthetized rats were disconnected from the infusion system and housed separately in a perspex cage with soft bedding for an observation period of 6 weeks at the most. Food and water were available ad libitum . Another group of rats (n = 12) was infused according to the protocol described above but were additionally in jected intraperitoneally with NAC (1 g/kg body weight; Brunschwig Chemie, Amsterdam, The Netherlands) 1 hr before starting the infu sion of terf-BuOOH and 1 hr before ending the infusion period [17] . NAC was dissolved in distilled water at a concentration of 100 mg/ ml (pH 7.0). At the end of this infusion period six of the rats were killed for histological analysis, while the remaining animals were disconnected from the infusion system, injected again with NAC (1 g/kg) 24 hr after the disconnection, and observed for 1 week.
The experimental protocol was approved by the Animal Ethics Review Board of the Faculty of Medicine, University of Nijmegen.
Analysis o f signs and sy?nptoms. Skin temperature and volume of both feet were measured just before the operation, after 24 hr of ieri-BuOOH infusion, and 4, 7, 14, 28, and 42 days after the' animal was disconnected from the infusion system. The skin color of the feet and the function of the left hindlimb were also examined. Skin temperature was measured on the plantar region of both hind paws using a surface electrode (d =' 0.6 cm; Keithly, Geneva, OH), and the temperature difference between both feet was calculated. Volume of the paw was measured by the change in the liquid surface in a cylinder filled with water after submersion of the foot. The relative change of the volume of the operated hindlimb to the preoperative situation served as a parameter for contour alterations.
Color of the left plantar foot was observed and compared to that of the right foot. The function of the left hindlimb was noted as impaired when the rat showed a shuffling gait.
Observation of pain signs was performed preoperatively, after 24 hr of infusion of tert-BuOOHy and 7, 14, 28, and 42 days after discon nection from the infusion system. Three different pain forms were assessed according to the tests performed in the classical neuropathic pain [18] or peripheral inflammation [19, 20] model in the rat: sponta neous pain, mechanically induced pain, and thermally induced pain.
Spontaneous pain behavior of rats was observed in a perspex cage of 25 x 25 x 40 cm after a 5-min habituation. During a 5-min period, the time of different positions of the lesionedpaw was noted, according to the scale of Attal et al. [21] which varied from 0 (the operated paw is pressed normally on the floor) to 5 (the animal licks the operated paw). The spontaneous pain was calculated by the formula t1 -f 21% 4-St3 + 4/4 + 5^/300 sec, where ti, t2, ia, tA, and ¿5 are the times (in sec) spent in categories 1, 2, 3, 4, or 5, respectively.
In order to quantify mechanical sensitivity of both plantar hind paws, mechanical stimuli were applied with a Von Frey filament (North Coast Medical, San José, CA) of a bending force of 12.5g. A rat was placed in a perspex cage with a wire mesh floor (26 X 26 X 26 cm). After a 5-min accommodation, a Von Frey filament was ap plied (once every 5 sec) to the plantar surface of the left and right foot (for each foot 10 times) and the frequency of foot withdrawal was noted [22] .
{ The nociceptive effect of thermal conditions was observed by place ment of a rat in a perspex cage (31 X 31 X 50 cm) with a heated floor of40°C [23] . After behavioral accommodation during 5 min, the pain score as used for spontaneous pain evaluation was calculated over 5 min (see above). Following the heat experiment, the floor was chilled to 4°C and the rat was allowed to accommodate for 5 min. Behavior of the left hind paw was again observed and scored for 5 min according to the above method.
For the observation of signs and symptoms, the group consisted of 21 rats 1 week after disconnection. Reduction of this group to 14 rats after 2 weeks, 7 rats after 4 weeks, and 4 rats after 6 weeks took place because animals were killed for histological analysis. 99m rp^jgQ scintigraphy. For analysis of permeability changes of the blood vessels, technetium-99m labeled to hydrazinonicotinamidederivatized polyclonal hum an immunoglobin G (& 9,,lTc~IgG) (Baxter/ Hyland Gammagard, Lessines, Belgium) was used [24] . This radio pharmaceutical was chosen because of its higher uptake in inflam matory foci and high in vivo stability of the preparation with regard to other available agents [25] . The 93rI1Tc-IgG (7.5 MBq) was injected through the tail vein. During inhalation anesthesia (halothane/nitrous oxide/oxygen), the rats were placed prone on a single-head gamma camera, equipped with a parallel-hole, low-energy collimator and imaged immediately (for 10 sec) and at 5 m in and 6 hr postinjec tion. In the. group of rats studied for the repair capacity, the data obtained immediately after injection of the 09mTc-IgG represent the arterial flow. The data obtained at 5 m in postinjection reflect changes in vascular pooling, while the subsequent images represent extrava sation of the radiopharmaceutical [26] .
The scintigraphy was performed 24 hr after teri-BuOOH infusion (n = 10) and 7 days (11 = 15), 14 days {n = 11), 28 days in =* 7), and 42 days (n = 3) after disconnection. After 42 days the scintigrams of three of the four rats were evaluable since in one rat the i)i)rnTc-IgG dose study infiltrated subcutaneously. In the NAC-treated rats the scintigrams were performed after 24 hr of ¿erf-BuOOH infusion {n = 12) and 7 days after disconnection (n = 6). The images were analyzed by regions of interest that were drawn on both hindlimbs. The uptake of 99mTc~IgG was expressed as the left (affected) to right (normal) hindlim b uptake ratios.
Histology. In the group which was not treated with NAC, rats were reanesthetized after 24 hr of ieri-BuOOH infusion in = 6) and 7 (11 = 7), 14 (n = 7), 28 (n = 3), or 42 days (11 = 4) after disconnection of the infusion system. The NAC-treated animals were re anesthe tized after 24 hr of ¿erf-BuOOH infusion (n = 6) and 1 week after disconnection (n = 6). In all animals which were not treated with NAC, the left and right sciatic nerves were dissected. Part of the nerve was used for cryostat sections and stained with hemotoxylineosin and periodic acid Schiff. Activity of the enzymes NADH tétrazo lium oxidoreductase and acid phosphatase was determined. One part of the nerve was fixed in 2% glutaraldehyde buffered with sodium cacodylate, pH 7.4, postfixed in 2% osmium te tim ide in Palade buffer, pH 7.4, and, after dehydration in alcohol, embedded in Epon 812. Semithin 1-^m-thick transverse sections were stained with 1% toluidine blue. For electron microscopy ultrathin sections were stained with uranyl acetate and lead citrate. Note. Data are given as means ± SEM before feri-BuOOH infusion and at various time points after disconnection from the infusion system (*P <0.01 and t P < 0.05 vs value 24 hrs after iert-BuOOH infusion).
In all animals the left gastrocnemius muscles were dissected and immediately fixed in toto by submersion in cold phosphate-buffered paraformaldehyde 4%, pH 7.3, after which the animals were killed. For comparison of the contralateral side, the right gastrocnemius was also dissected in all 24-hr ie/t-BuOOH animals and in the rats 7 and 14 days after disconnection.
From proximal to distal, four transversal slices were taken, dehy drated, and embedded in Paraplast. Sections of 5 ¿¿m in thickness were stained with hematoxylin-eosin. In these sections structural changes in skeletal muscle fibers, blood vessels, and surrounding tissues were examined under a light microscope.
Statistical analysis. All quantitative data were expressed as means ± standard error of the mean. In the animals used to study the repair capacity, the clinical signs and symptoms observed at vari ous time points were compared with those after 24 hr of ieri-BuOOH infusion. The clinical signs and symptoms of the NAC-treated tert-BuOOIi animals were compared to the those of the untreated tert-BuOOH-infused animals. The scintigraphic data after 24 hr of tert-BuOOH infusion (n = 10) were compared to those obtained after 1 0i = 15), 2 (n = 11), and 4 weeks in = 7), and also sequentially, i.e., 24 hr versus 1 week, 1 week versus 2 weeks, and 2 weeks versus 4 weeks. The results of 6 weeks were excluded from statistical analysis because of the low number of animals. The scintigraphic data of the NAC-treated animals after 24 hr of tert-BuOOH infusion (n = 12) were compared to those of the untreated tert-BuOOH-infused animals {ii = 10); after 1 week disconnection the NAC-treated animals Oi = 6) were compared to the untreated animals (/?, = 15).
Statistical analysis was performed by the two-tailed Wilcoxon signed rank test, with the following exceptions. For the comparison of the skin color and impaired function between the NAC-treated and untreated rats the x 2 test was used. The other comparisons between both groups were made with the two-tailed Mann-Whitney test. Pain scores were compared with respect to the difference be tween post-and preoperative values.The level of significance was set at P < 0.05.
RESULTS

Signs and Sy?nptoms
' Before operation, there was no difference in skin tem perature between the plantar side of both feet ( Table   1 ). Infusion of tert-BuOOH resulted in the development of a significant CP < 0,005) difference in the skin tem perature, which persisted for at least 4 days and then gradually disappeared w ith time.
The volume of the left foot increased by 33.2 ± 7.4% after 24 h r of fer£-BuOOH infusion. Subsequently, the volume decreased significantly at Day 4 postinfusion (P < 0.005) and reached the preoperative value after approximately 4 weeks. Redness of the plantar side of the left foot was visible in 90% of the rats after 24 hr of ¿eri-BuOOH infusion and in 71% of the rats 1 week later. Thereafter, the skin color returned to normal. An impaired function of the left paw was observed in 66% of the anim als after 24 hr of infusion. After 2 weeks the affected function appeared fully restored.
NAC treatment significantly reduced the observed redness of the plantar side of the infused foot afer 24 hr (P < 0,05), while the other clinical inflammatory signs and symptoms were essentially similar to those found in the untreated group (Table 2) . Preoperatively, both the spontaneous pain score and the pain score on heated or chilled plate were 0 in all rats (Tables 1 and  2) . A ll pain scores in the ¿feri-BuOOH-infused paws were elevated after 24 h r (P < 0.005). The NAC-treated animals showed significantly less pain sensation on the heated plate compared to the untreated animals (P < 0.05), both after 24 hr of tert-BuOOH infusion and 1
week after disconnection, while NAC had no effect as to the spontaneous pain and the pain sensation on the chilled plate (Table 2) .
Both spontaneous pain and pain sensation on the chilled plate were almost absent after 1 week in the NAC-treated and the rats. However, in the untreated rats the pain sensation on the heated plate diminished after 1 week (.P < 0.005) but persisted for 4 weeks.
Preoperatively, mechanical stimulation with the Von Frey filam ent showed negligible withdrawal reactions Note. Data are given as means ± SEM (*P < 0.05 the NAC-treated group vs the untreated group).
on both hindlimbs (Fig. 1 ). In the infused paw, mechan ical stimulation w ith a 12.5g filam ent induced an in creased withdrawal reaction after 24-hr tert-BuOOJI (.P < 0.01), which increased further after 2 weeks (P < 0.05). The increased withdrawal reaction persisted u n til at least 4 weeks postinfusion. The contralateral paw showed no withdrawal reaction after 24 hr of infusion. However, increased w ithdraw al reacting appeared from 1 week onward and remained significantly higher (P < 0.01) u n til at least 4 weeks postinfusion. Treat m ent w ith NAC significantly reduced the frequency of w ithdraw al after 24 hr of infusion compared to the u n treated tert-BuOOH anim als ( Fig. 1 ; P < 0.05).
99mTc-IgG Scintigraphy
Analysis of the scintigrams recorded im m ediately after injection of the 99mTc-IgG (representing the arte ria l bloodflow) showed a left/right uptake ratio of 2.63 ± 0.15 after 24 hr of ieri-BuOOH infusion and 2.49 ± Representative scintigrams of two rats after 24 hr of ¿er£-BuOOH infusion and 1, 2, 4, and 6 weeks after disconnection. The animals were imaged 5 min and 6 hr postinjection of 99mTc-IgG. In one animal the affected hindlimb is indicated with an arrow. 0.21 1 week later. The left/right uptake ratio subse quently decreased significantly to 1.70 ± 0.12 after 2 weeks and 1.44 ± 0.07 after 4 weeks (P < 0.05). After 6 weeks the uptake ratio was 1.21 ± 0.03.
Analysis of the scintigrams (Fig. 2 ) after 24 hr of tert-BuOOH infusion showed a high uptake ratio at 6 hr postinjection which persisted 1 week after discon nection (Fig. 3) . The uptake ratios measured at 6 hr postinjection, as determined after 2 and 4 weeks after disconnection were significantly lower than those mea sured after 24 hr of ¡feri-BuOOH infusion (P < 0.05).
At 2 weeks after disconnection the uptake ratio de creased, compared to 1 week after disconnection for 6 disconnection, a further decrease was measured at 6 hr postinjection (P < 0,05). The scintigraphic results after 6 weeks showed normalization of the 99mTc-IgG ratio 6 hr (1.23 ± 0.01) postinjection. Scintigrams of all rats imaged after 5 m in postinjection showed similar uptake in the left paw and right paw (Fig, 2) , Treatment w ith NAC significantly reduced the 99mTc-IgG uptake ratio 6 hr postinjection, measured after 24 hr of tert-BuOOH infusion to 4.7 ± 0,5 (P < 0.01) com pared to the uptake ratio 7.4 ± 0.5 of the untreated ¿ertf-BuOOH-infused animals (Fig. 4) . One week after disconnection the 99mTc-IgG uptake ratio in the NACtreated animals was also significantly lower (P < 0.01),
Histology
Light microscopic examination of the contralateral gastrocnemius muscles after 24 hr of ¿eri-BuOOH infu sion and 1 and 2 weeks after disconnection showed intact, polygonal skeletal muscle fibers, without edema or leukocyte infiltration.
After 24 hr of ¡feri-BuOOH, various stages of cellular degeneration were present in the muscle of the infused hindlim b. The affected areas were distributed in a patchy pattern and contained rounded swollen cells, w ith decreased striations as well as necrotic muscle cells, edema, arid granulocyte and macrophage infil tration (Fig. 5A) . After 1 week a mixed pattern of ne crotic muscle cells (swollen cells with decreased stria tions) and regenerating muscle cells (multinucleate) were visible w ith areas of granulation tissue (Fig. 5B ). In this stage of repair, edema, neutrophilic leukocytes, and macrophages were also present. Macrophages were visible inside the cytoplasm of the muscle cells. In all rats these phenomena were examined and distributed in a patchy pattern, but the degree of tissue necrosis observed in the seven animals investigated was vari able. After 2 weeks, the gastrocnemius muscle showed a m inim al amount of degenerating cells and granula tion tissue w ith macrophages and leukocytes in two of the seven animals (Fig, 5C ). The majority of the skele tal muscle had a normal aspect, although areas with multinucleated muscle cells could still be ob served. The gastrocnemius muscle had a normal appearance in two of three rats at 4 weeks and in three of four rats at 6 weeks (Fig. 5D ). In the other two animals, a m inim al number of multinucleated cells was seen.
In the left skeletal muscle of the NAC-treated rats after 24 hr of tert-BuOOH infusion we observed cellular damage similar to th at observed in the skeletal muscles of the untreated anim als w ith the appearance of edema and granulocyte infiltration. After 1 week the gastroc nemius muscle of the NAC-treated animals showed a normal appearance in four rats, while in the other two rats regenerating muscle cells were visible, without edema and w ithout muscle cell necrosis (results not shown).
After 24 hr of tert-BuOOH infusion, necrosis of the hr postinjection (P < 0.01) ( Fig. 3) , Four weeks after endothelial cells and m edial layers of the vascular wall , and 6 weeks (/i = 3). The 99mTc-IgG uptake ratio (mean ± SEM) was expressed by the left/right hindlim b uptake ratio and compared in consecutive events: The results of 24 hr compared with 1 week, 1 week with 2 weeks, and 2 weeks w ith 4 weeks (*P < 0,01 and #P < 0.05), was present in the arteries in the gastrocnemius m us cle (Fig. 6A) , which persisted 1 week postinfusion (Fig.  6B ). After 2 weeks most of the sm all arteries were re paired and had a norm al aspect (Fig. 6C) , which re mained 4 and 6 weeks postinfusion.
After 24 h r of ¿er£-BuOOH infusion in the NACtreated animals, the vascular w all of the arteries in the gastrocnemius muscle was necrotic. After 1 week most of the arteries in the gastocnemius muscle of the NAC-treated anim als were normal. In a m inority of the arteries necrosis of the tunica media w ith regenerated endothelial cells was visible (results not shown).
Light and electron microscopical investigation of the left and right sciatic nerve of the untreated ¿er£-BuOOH- finding. No inflam m atory signs were visible. Endoneu ral and epineural vessels showed no abnormalities. No fenestrated endothelium was seen in electron micros copy (results not shown).
DISCUSSION
The present study describes the spontaneous repair of abnormalities in clinical signs and symptoms, vascu lar permeability, and morphology induced in soft tissue by infusion of a free radical-generating system.
Oxygen-derived free radicals are involved in various diseases affecting the extremities [1] [2] [3] [4] [5] . In free radicalrelated processes, lipid peroxidation occurs followed by cellular damage. In free-radical-related diseases and especially in ischemia/reperfusion, inflam m atory m edi ators [6, 7] and alterations in cellular energy metabo lism [8] may contribute to soft tissue damage, next to free radicals. As a result of this complex pathophysiol ogy the exact role of free radicals in these processes is unknown. In order to investigate the possible toxic ef fects of free radicals alone, we analyzed the isolated effects of free radical exposure in one hindlim b [9] . In vitro and in vivo studies have demonstrated th a t tert-BuOOH-generated free radicals can induce lip id perox idation and cellular destruction [10, 12, 13] . Intrace llu lar GSH may detoxify ¿eri-BuOOH by GSH peroxidase, initiating the reaction of GSH w ith £er£-BuOOH which results in GSSG and fer£-butanol. GSSG w ill be recy cled to GSH by glutathione reductase and NAD PH. The mechanism of oxidative damage induced by a large dose of ieri-BuOOH is based on depletion of the antioxi dant GSH and accumulation of GSSG and free radicals [10, 12, 13] . The effect of tert-BuOOH on skeletal m us cle has, to our knowledge, only been studied by J i and Fu [27] . These authors described th at 0.35 mmole tert-BuOOH introduced by a single intraperitoneal injec tion did not affect the antioxidant enzymes of skeletal muscle tissue in the hindlim b. In view of these results, we infused the rats over 24 hr w ith a total dose of 0,6 mmole ¡feri-BuOOH [9] , since in our opinion continuous infusion more closely resembles the pathophysiological conditions of various diseases th an a single injection.
Infusion of a hindlim b w ith ieri-BuOOH during 24 hr provoked inflam m atory signs and symptoms, increased vascular permeability, and skeletal muscle necrosis [9] . In the present study the antioxidant N AG, which can replenish the intracellular G SH and scavenge hypochlorous acid and H 2O2 or H 20 2 products [14] , was used to evaluate if indeed the mechanism of free radical gen eration by tert-BuOOH was responsible for the soft tis sue damage observed after 24 hr of ¿er¿-BuOOH in fu sion. The reduction in inflam m atory signs and symp toms (skin color, pain sensation) and the decrease of the vascular permeabilty after 24 hr of ieri-BuOOH infusion in the NAC-treated rats, compared to the u n treated ¿er£-BuOOH infused rats, support the theory that a free-radical-generating mechanism by tert-B u OOH is involved. This assumption is strengthened by the finding th a t 1 week later the tissue damage-as assessed by lig h t microscopy-was almost fully recov ered in the NAC-treated rats, while in the skeletal mus cles of the untreated rats a mixed pattern of necrotic and regenerating skeletal muscle cells w ith granula tion tissue is observed. The sim ilarity of morphological damage induced by 24 hr of tert-BuOOH infusion in the NAC-treated and untreated rats may be explained by the excess of ieri-BuOOH, which cannot be detoxi fied by adding a single dose of NAC 1 hr before starting the infusion.
The present results clearly demonstrate th at term i nation of tert-BuOOH infusion in the untreated rats was followed by repair of the inflam m atory signs and symptoms. The skin temperature and edema disap peared w ithin 1 week after the infusion was stopped, followed by repair of function and skin color w ithin 2 weeks. The alterations in pain sensation (spontaneous pain, m echanical pain, and therm al pain) found after 24 hr of exposure to free radicals are also obtained in anim al models of neuropathic pain [18] , inflam m ation [19, 20, 28, 29] , and in ju ry [30, 31] . The pain behavior in the present model does not appear to be based on neuro pathic injury, because in neuropathic injury the re sulting appearance of pain sensations required more tim e to develop [21, 32] . Strikingly, we observed in creased mechanical p ain sensitivity of the contralateral leg in the present experimental model. This phenome non has previously been reported in anim al models in which a lim b was affected by inflam m atory stim uli [20, 33] or subjected to injury [30, 31] , D uring inflam m a tion, p ain sensations in a hindlim b are initiated by interleukin-1(3 (IL-1/?) [19, 20, 33] and/or by subse quent elevation of the level of nerve growth factor (NGF) [19, 29] . Macrophages and neutrophils are the m ain sources of IL-1/3 production. Systemic adm inis tration of the inflam m atory compounds IL-1/3 or NGF was followed by bilateral increased mechanical sensi tivity [33, 34] . In these anim als the classical signs of inflam m ation were absent, as in the contralateral paw of the anim al model presented here. Development of contralateral pain can be explained by two mechanisms and m ig h t also be involved in free-radical-induced pain: sensitization of peripheral prim ary sensory neuron re ceptors or upregulation of neuropeptides which evoke stim ulation of the dorsal horn neurons which lead to centralization [29, [34] [35] [36] .
A period of 24 hr of tert-BuOOH infusion induced a significant elevation of vascular perm eability for mac romolecules which persisted after 1 week of repair and subsequently recovered. The higher uptake after 6 hr postinjection of 99mTc-IgG in the 24-hr and 1-week ex periments is based on extravasation and not on vasodi latation, since it takes several hours before the accumu latio n is visualized. V asodilatation which is best visual ized by scintigraphy at 5 m in postinjection is minor, since the ratios are only slightly higher th a n 1 at this tim e point. Increased leakage for macromolecules and 68 JOURNAL OF SURGICAL RESEARCH: VOL. 72, NO. 1, SEPTEM BER 1997 the histological vascular damage as found w ith tert-BuOOH infusion are also observed in acute inflam m a tion [37] and in ischemia/reperfusion [38] [39] [40] . In the model presented in this report, the vascular damage is primarily initiated by free radicals. Leukocytes ob served after 24 hr of ¡feri-BuOOH infusion are still pres ent after 1 week. A t this time they also might produce higher amounts of free radicals [41, 42] and could have an amplifying role on the degree of tissue damage. An other pathophysiological mechanism which m ight be involved in the increased vascular permeability is the classical complement pathway [38] .
The histological sections of the skeletal muscle showed various stages of skeletal muscle cell necrosis and edema with leukocytes and macrophages. These findings are sim ilar to the morphological changes in skeletal muscle after 3.5 hr of ischemia and 24 hr of reperfusion [39] . D uring the regeneration process, we first observed a mixture of degenerating and regenerat ing (multinucleate) skeletal muscle cells w ith connec tive tissue, leukocytes, and macrophages, followed by recovery. In skeletal muscles damaged by ischemia/re perfusion [39, 43, 44] or free tissue transfer [45] the histological repair process is identical and is based on activation of satellite cells.
In conclusion, in this anim al model, continuous infu sion with a free radical-generating system in one hindlimb of an awake anim al initiated severe free radical soft tissue damage followed by repair. The antioxidant NAC significantly reduced tissue damage and short ened the repair period. The inflammatory signs and pain sensations observed in a hindlim b after exposure to free radicals are comparable to the clinical signs seen in related free radical diseases affecting the extremities.
